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Smoking is a well-known risk factor for colorectal cancer. However, 
the effects of smoking before and after cancer diagnosis on mortality 
have not been addressed thoroughly. Thus, our aim was to evaluate 
the associations between the prediagnosis and postdiagnosis smoking 
status and mortality among colorectal cancer patients who were 
diagnosed between 2003 and 2016. 
The National Health Information Database (NHID), which covers 
approximately 97% of the Korean population, is used in this study. 
The data are composed of colorectal cancer patients who were newly 
diagnosed between 2002 and 2016 and were followed up from the 
date of diagnosis until death or July 13, 2017. A retrospective cohort 
ii 
consisted of 37,079 male colorectal cancer patients. Smoking status 
was extracted from information collected within 2 years of a 
colorectal cancer diagnosis for prediagnosis and at least 1 year later 
for postdiagnosis. Prediagnosis or postdiagnosis smoking status was 
defined as nonsmoker or smoker. Prediagnosis and postdiagnosis 
smoking statuses were categorized into four groups 
(nonsmoker/nonsmoker, nonsmoker/smoker, smoker/nonsmoker, 
and smoker/smoker). The hazard ratios (HRs) and 95% confidence 
intervals (CIs) were estimated using the Cox proportional hazard 
model with “smoker” as a reference. Stratification analysis was 
conducted according to the subsite and treatment. 
During a median of 6.3 years of follow-ups, 3,980 patients died. 
The median duration from the prediagnosis smoking status 
assessment to colorectal cancer diagnosis was 0.37 years and from 
cancer diagnosis to postdiagnosis smoking status assessment was 
2.53 years. Significantly elevated mortality was observed in 
prediagnosis smokers regardless of the postdiagnosis smoking status 
(smoker/nonsmoker (HR, 1.25; 95% CI, 1.15 to 1.36) and in the 
smoker/smoker group (HR, 1.20; 95% CI, 1.08 to 1.33)). However, 
there was no association between prediagnosis and postdiagnosis 
smoking status and colorectal cancer-specific mortality. Among 
patients treated with surgical operations only, those who quit 
smoking after diagnosis showed lower mortality compared to 
iii 
continual smokers (HR, 0.78; 95% CI, 0.66 to 0.94, smoker/smoker 
as reference). 
Smoking status before colorectal cancer diagnosis has a strong 
impact on the prognosis of colorectal cancer patients, and 
postdiagnosis smoking status is also associated with elevated 
mortality among these patients. Smoking cessation may improve 
survival, especially among early-stage colorectal cancer patients. 
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Colorectal cancer epidemiology 
According to GLOBOCAN 2018, colorectal cancer is the 3rd-most 
common cancer among both sexes and men, and 2nd among women 
(1). In the United States, the colorectal cancer incidence has 
decreased since 1998, and the incidence trends are similar among 
the sexes (2). 
Colorectal cancer is the 2nd-leading cause of cancer deaths among 
both sexes, is 4th among men, and is 3rd among women globally (1). 
The mortality trend in colorectal cancer has declined since the mid-
1940s in the United States (2). 
In Korea, colorectal cancer was the 2nd-most commonly diagnosed 
cancer in general (with 28,111 new colorectal cancer cases) and the 
3rd-most commonly diagnosed cancer among men (16,653 new 
colorectal cancer cases) and women (11,458 newly diagnosed 
colorectal cancer cases) in 2017 (3). The age-standardized 
colorectal cancer incidence has decreased since 2010 in Korea (3). 
Colorectal cancer was the 3rd-leading cause of cancer deaths in 
general  (8,691 colorectal cancer deaths), 4th among men (4,981 
2 
colorectal cancer deaths), and 2nd among women (3,710 colorectal 
cancer deaths) in 2017 (3). The age-standardized colorectal cancer 
mortality has decreased since 2005 in Korea (3). 
 
Risk factors for colorectal cancer 
There are some nonmodifiable risk factors related to colorectal 
cancer (4, 5). Age is closely related to colorectal cancer incidence. 
The incidence rates of colorectal cancer exponentially increase with 
aging, greatly rising after age 50 (2, 4). Men tend to have higher 
colorectal cancer incidence rates in most populations (1, 5, 6). 
Having a family history of colorectal cancer or adenomatous polyps 
is one of the risk factors (4, 7). For individuals with a family history, 
the relative risk of colorectal cancer incidence is increased, and the 
risk is highly increased if there are more than two first-degree 
relatives with this history (7). The inherited genetic factor is the 
established risk factor for colorectal cancer (4). Familial 
adenomatous polyposis (FAP) or hereditary nonpolyposis colorectal 
cancer (HNPCC) increases the risk or colorectal cancer incidence (4, 
8) 
Inflammatory bowel disease, including ulcerative colitis and Crohn 
3 
disease, is known to be related to the colorectal cancer incidence (4, 
9-11). Chronic diseases, including diabetes mellitus and 
hypertension, have been associated with the development of 
colorectal cancer (5). 
Dietary factors are strongly associated with the risk of colorectal 
cancer (4, 12). High consumption of processed meat and alcoholic 
drinks is related to an increased risk of colorectal cancer; in addition, 
red meat consumption has a probable positive association with 
colorectal cancer development (4, 5, 12, 13). There is strong 
evidence that obesity is related to a higher risk of colorectal cancer 
(4, 5, 12, 14). Alcohol consumption and cigarette smoking are 
established risk factors for colorectal cancer (4, 5, 12, 13). Both 
smoking and regular alcohol consumption play a key role in colorectal 
cancer development (4, 5, 12, 13). 
 
Colorectal cancer and cigarette smoking 
Smoking is a well-established risk factor for colorectal cancer (15-
17), and smoking was responsible for 27.6% of the cancer burden 
and was the leading cause of smoking-attributable disability-
adjusted life-years (DALYs) in 2015 (18). Smoking leads to 
4 
increased mortality as well as to an increased risk of colorectal 
cancer incidence (15, 19). Smoking leads to poor prognosis when 
current smokers are compared with nonsmokers (20). People who 
are continual smokers after cancer diagnosis are at higher risk for 
future cancers and death (20). In the 2014 U.S. Surgeon General’s 
Report, tobacco smoking was said to lead to premature death, and 
these results apply to cancer patients as well as survivors (20).  
As cancer therapy has improved (21) and the 5-year survival rates 
for patients with colorectal cancer increased 18.8 percentage points 
from 1993 to 1995 and 2013 to 2017 (3), it has become important to 
estimate the association between lifestyle behavior and mortality 
among patients diagnosed colorectal cancer. After colorectal cancer 
diagnosis, patients may be recommended to make lifestyle changes 
to improve their prognosis. Previous studies reported that 24-44% 
of patients who smoked at cancer diagnosis succeeded in quitting 
smoking (22-24). However, it is unclear whether changes in 
smoking behavior affect mortality.  
There have been some studies that assessed the association 
between smoking status before cancer diagnosis and mortality (15, 
19, 25-32) and after cancer diagnosis and mortality (31, 33, 34), but 
5 
few studies have investigated changes in smoking status from 
prediagnosis to postdiagnosis (31, 35, 36). However, the time point 
of tobacco cessation is not clear among these studies.   
According to a previous study, there are slight differences in the 5-
year relative survival rate between colon and rectal cancers, and in 
treatment patterns by stages (21). Smoking is more strongly 






Purpose of this study 
We conducted this study to investigate how the smoking status 
before and after colorectal cancer diagnosis is associtated with 




This study was conducted using the National Health Information 
Database (NHID) of the National Health Insurance Service, which is 
a retrospective cohort consisting of full claim data (37). The 
customized NHID is composed of information that is collected, 
managed, and maintained by the National Health Insurance 
Corporation and modified upon request by researchers. The data 
contain medical resource use information, medical prescriptions, 
demographic characteristics, and health examinations from 2002 to 
2016.  
 
Identification of study subjects 
The colorectal cancer cases were defined based on the 10th 
International Classification of Diseases (ICD-10) diagnostic code 
corresponding to colorectal cancer (C18-20) and the claim code for 
its treatment between 2002 and 2016 (Table 2) (38).  
Among colorectal cancer patients diagnosed from 2002 to 2016 
12 
(N=248,011), we excluded female patients (N=99,626) and 
individuals for whom the gender was not noted (N=730). Among the 
male colorectal cancer patients, we selected subjects who were 
diagnosed with colorectal cancer and who had undergone biannual 
health examinations (N=118,395). We excluded colorectal cancer 
patients who did not complete the smoking questionnaire at least once 
(N=464) and who were diagnosed before age 20 or had no age noted 
(N=12), did not have information on smoking at least within 2 years 
and after 1 year of diagnosis (N=80,302), had information missing 
on body mass index (BMI), physical activity, alcohol use, duration of 
smoking, and subsite (N=538). Finally, 37,079 participants were 
included in the final analysis (Figure 1).    
13 
Individuals who received any 
cancer treatment in a customized 
database from the national health 
insurance service from 2002 to 
2016, N=248,011 
  
  1) Female colorectal cancer 
patients, N=99,626 
2) Colorectal cancer patients with 
no gender indicated, N=730 




Participants who did not have a 
health examination, N=29,260 





Participants who did not complete 
the smoking questionnaire at least 
once, N=464 
Participants who completed the 




1) Participants who were 
diagnosed before aged 20 or had 
no age noted, N=12 
3) Participants who did not have 
information on smoking within 2 
years and after 1 year, N=80,302 
4) Participants who did not have 
information on their body mass 
index, frequency of physical 
activity, frequency of alcohol 
consumption, duration of smoking 
before diagnosis, and anatomical 
subsite, N=538 
Final colorectal cancer patients for 
analysis, N=37,079 
  






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Identification of smoking variables 
 Patient smoking status was extracted from self-reported 
questionnaires during the health examinations. Health examinations 
were used within 2 years before colorectal cancer diagnosis and 1 
year after colorectal cancer diagnosis (Figure 2). According to a 
previous study, sixty percent of patients relapsed within 2 months 
after surgical treatment (39). Thus, the tobacco status 1 year after 
colorectal cancer diagnosis could reflect the maintenance of smoking 
cessation. 
The prediagnosis smoking status was defined as smoker or 
nonsmoker. The postdiagnosis smoking status was defined as smoker 
or nonsmoker. Participants were grouped according to the 
prediagnosis and postdiagnosis smoking status into four groups 
(nonsmoker/ nonsmoker, nonsmoker/smoker, smoker/nonsmoker, 
and smoker/smoker). Data on the duration of smoking were collected 
during the prediagnosis health examination, and categorized into four 




Figure 2. The time of the prediagnosis and postdiagnosis health 
examinations. 
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Identification of outcome 
The death dates and causes of death data of the subjects were 
individually linked to each subject using Statistics Korea data. 
Colorectal cancer-specific deaths were identified using ICD-10 
codes (C18-20). The participants were followed until death or July 
13, 2017, whichever occurred first. In an analysis regarding the 
association between prediagnosis smoking status and mortality, the 
follow-up duration was calculated from the date of diagnosis to death 
or the end of the follow-up. When we performed analyses about the 
postdiagnosis smoking status or change of smoking status and 
mortality, the follow-up duration was calculated from the date of 




 The covariates were selected from a review of previous 
studies (40-42), and the associations between candidate 
variables and smoking status or mortality were assessed. Data 
on the frequency of alcohol intake and frequency of physical activity 
19 
were collected by self-reported questionnaires during the 
prediagnosis health examination. Anthropometric indices including 
height and weight were measured in health care centers during the 
prediagnosis health examinations. The body mass index (BMI) was 
calculated as the subject’s weight (kg) divided by the square of the 
subject’s height (m2). The BMI was categorized into 4 groups (<18.5; 
18.5-24.9; 25.0-29.9; and ≥30) based on the World Health 
Organization classification. Because we used claim data, we had 
limited information for assessing the tumor stage of the colorectal 
cancer patients. Therefore, we categorized the subjects into three 
groups by the treatment they had received, based on the idea that 
early-stage patients are likely to be treated only with surgery, while 
advanced-stage patients tend to be treated with chemotherapy or 
radiotherapy without surgery (43). For this study, we used the type 
of treatment to reflect the cancer stage of the patients (Figure 3). 
We used the claim data from within 1 year of colorectal cancer 
diagnosis when calculating the Charlson comorbidity index using 




Figure 3. Survival curve by treatment.
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The characteristics of the participants were compared by 
conducting a chi-square test for categorical variables and a t-test 
or analysis of variance (ANOVA) for numerical variables. We used a 
Cox proportional hazards regression model to evaluate the 
association between the smoking status and all-cause and colorectal 
cancer-specific mortality among colorectal cancer patients by 
calculating the hazard ratios (HRs) and 95% confidence intervals (95% 
CIs). 
The age at diagnosis with colorectal cancer, BMI, frequency of 
physical activity, frequency of alcohol intake, treatment, and Charlson 
comorbidity index were considered potential confounders; thus, they 
were included in the model for adjustment.  
To confirm the differences by treatment, the analyses were 
stratified by treatment. Because a previous study reported that there 
was a different association between smoking and overall mortality by 
anatomic site (15, 28), we conducted stratified analyses by subsite, 
that is, colon (C18) versus rectum (C19-20). All the statistical 
analyses were conducted by using SAS software version 9.4 (SAS 
22 
Institute Inc., Cary, NC, USA), and the figures were generated by 
using STATA/ SE 14 (StataCorp, College Station, TX, USA). 
 
Sensitivity analyses 
The individuals included in the sensitivity analyses had health 
examination within two years of their colorectal cancer diagnosis.  
Additional several sensitivity analyses were performed. First, we 
restricted the subjects who had health examinations within 1 year 
before their colorectal cancer diagnosis to reflect the smoking status 
shortly before their diagnosis (Figure 4A). Second, we used the 
health examination from between one and three years from the 
colorectal cancer diagnosis to collect the postdiagnosis smoking 
status (Figure 4B). Third, to investigate the association between the 
smoking status and long-term survival, we conducted a sensitivity 
analysis with patients who survived more than five years and had 
health examinations between one and three years from colorectal 
cancer diagnosis (Figure 4C). Finally, we repeated the analysis using 
a health examination conducted between three and five years from 
the colorectal cancer diagnosis among patients who survived for 
more than five years (Figure 4D). 
23 
Among patients in sensitivity analyses, about 5-7% of the subjects 
had missing values regarding the Charlson comorbidity index and 
subsite. Thus, we replaced these missing values with the mode 
values from others who had the same age at diagnosis. 
24 
 
Figure 4A. Prediagnosis smoking status within 1 year before 




Figure 4B. Prediagnosis smoking status within 2 years before 
colorectal cancer diagnosis and postdiagnosis smoking status 
between 1 and 3 years after diagnosis. 
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Figure 4C. Prediagnosis smoking status within 2 years before 
colorectal cancer diagnosis and postdiagnosis smoking status 
between 1 and 3 years after diagnosis among patients who survived 
for more than 5 years.  
 
 
Figure 4D.  Prediagnosis smoking status within 2 years before 
colorectal cancer diagnosis and postdiagnosis smoking status 
between 3 and 5 years after diagnosis among patients who survived 




The patients included in this study were younger and received 
operations only for treatment. Their follow-up period was longer, and 
all-cause and colorectal cancer deaths were less frequently observed 
compared to the excluded subjects. (Table 3). 
 
Compared to the patients who were nonsmokers before their 
colorectal cancer diagnosis, those who were smokers were younger, 
more likely to have a low BMI, low frequency of physical activity, drink 
alcohol frequently, high probability of being treated with radiotherapy 
or chemotherapy, relatively low Charlson comorbidity index, and the 
proportion of rectal cancer patients were higher (all p-values < 0.01) 
(Table 4). 
Similar to the prediagnosis smoker characteristics, the smokers after 
colorectal cancer diagnosis were younger, tended to have a low BMI, 
participated in physical activity before colorectal cancer diagnosis, 
consumed alcohol frequently, and had a relatively low Charlson 
comorbidity index. The postdiagnosis smokers were likely to be treated 
27 
by operation only compared to the nonsmokers (all p-values < 0.01) 
(Table 5).  
The proportions of participants who continued to smoke after 
diagnosis and who quit after diagnosis among colorectal cancer patients 
were 10.1% and 16.7%, respectively. Compared to the 
nonsmoker/nonsmoker, the patients who had ever smoked were 
younger, tended to be underweight or had a normal BMI, less likely to 
perform physical activity, had a lower frequency of alcohol intake, were 
treated by radiotherapy or chemotherapy, had a higher Charlson 
comorbidity index, and frequently had colon cancer (Table 6). 
 
We conducted univariate regression analyses of the subject 
characteristics and risk of death. Elevated risk of death were observed 
among patients who were older, were in an advanced stage as assumed 
because they underwent cancer treatment, were underweight, 
consumed alcohol for more than five days, and have more than three 
comorbidity index factors. However, there was no significant relation 
between the subsite and risk of death (Table 7). 
 
During the median follow-up at 6.3 years (245,542 person-years), 
3,980 deaths occured among the colorectal cancer patients. The median 
28 
duration from prediagnosis smoking status assessment to colorectal 
cancer diagnosis was 0.37 years, and from cancer diagnosis to 
postdiagnosis smoking status assessment, it was 2.53 years.  
Compared to not smoking before colorectal cancer diagnosis, smoking 
before colorectal cancer diagnosis was associated with significantly 
increased mortality (HR, 1.23; 95% CI, 1.14 to 1.32). Subjects who had 
smoked 10-19 years before diagnosis showed the highest mortality 
among the smokers (1.48 [1.19 to 1.83]).  
Significantly elevated mortality was found in the population of patients 
who smoked after colorectal cancer diagnosis compared to those who 
were not smokers after diagnosis (1.14 [1.04 to 1.25]).  
When the prediagnosis/postdiagnosis smoking status was considered 
during the analysis, a marginal increase in mortality among participants 
who started smoking after colorectal cancer diagnosis compared to 
participants who had never smoked was observed (1.20 [1.00 to 1.45]). 
Additionally, patients who quit smoking after colorectal cancer 
diagnosis, namely smokers/nonsmokers in terms of the 
prediagnosis/postdiagnosis smoking status, showed significantly 
elevated mortality compared with those who did not quit smoking (1.25 
[1.15 to 1.36]). Patients who were exposed to tobacco for 10-29 years 
before their colorectal cancer diagnosis had higher mortality (10-19 
29 
years: 1.48 [1.19 to 1.83]; and 20-29 years: 1.40 [1.20 to 1.63]). 
Furthermore, the mortality was also elevated among patients who had 
continually smoked before and after their colorectal cancer diagnosis 
(1.20 [1.08 to 1.33]). Among the subjects who had smoked before 
diagnosis and continued smoking after diagnosis, the patients who 
smoked for 10-19 years showed the highest mortality, although the 
differences between the groups were marginally significant (1.47 [1.00 
to 2.17]) (Table 8).  
There was no significant association between the prediagnosis or 
postdiagnosis smoking status and the colorectal cancer-specific 
mortality. Regarding the change in smoking status, the 
smoker/nonsmoker group showed significantly elevated colorectal 
cancer-specific mortality (1.17 [1.05 to 1.30]) (Table 9). 
 
In the stratified analysis according to subsite, quitting smoking after 
diagnosis was significantly associated with increased mortality among 
colon cancer patients (1.27 [1.14 to 1.43]) and rectal cancer patients 
(1.26 [1.11 to 1.43]). Continual smoking among colon cancer patients 
was significantly associated with elevated mortality (1.23 [1.07-
1.42]), although there was marginally significantly increased mortality 
among rectal cancer patients (1.18 [1.00-1.39]). For rectal cancer 
30 
patients, starting smoking after their cancer diagnosis was significantly 
related to increased mortality (1.45 [1.11 to 1.89]) (Table 10).  
When we defined the smoker/smoker group as the reference, smoking 
cessation after diagnosis was associated with elevated mortality among 
both colon cancer patients (1.03 [0.88 to 1.22]) and rectal cancer 
patients (1.07 [0.89 to 1.28]), although the association was not 
statistically significant. Starting smoking after diagnosis was not 
significantly related to elevated mortality among rectal cancer patients 
(1.23 [0.91 to 1.66]) (Table 11)  
 
For the stratified analysis according to cancer treatment, both 
prediagnosis and postdiagnosis smoking had significant relations to 
elevated mortality among colorectal cancer patients who had operations 
only (1.34 [1.03 to 1.74] for nonsmoker/smoker; 1.30 [1.13 to 1.49] 
for smoker/nonsmoker; and 1.66 [1.44 to 1.92] for smoker/smoker). 
Among colorectal cancer patients who had operations with radiotherapy 
or chemotherapy, however, smoking cessation after colorectal cancer 
diagnosis was only significantly associated with elevated mortality 
(1.25 [1.12 to 1.40]) (Table 12).  
When we defined the smoker/smoker group as a reference, both 
prediagnosis nonsmoking and postdiagnosis nonsmoking was related to 
31 
decreased mortality among colorectal cancer patients who underwent 
surgery only (0.60 [0.52 to 0.70] for nonsmoker/nonsmoker; 0.81 
[0.60 to 1.08] for nonsmoker/smoker; and 0.78 [0.66 to 0.94] for 
smoker/nonsmoker). However, associations between the 
prediagnosis/postdiagnosis smoking status and mortality among 
colorectal cancer patients who underwent surgery with radiotherapy or 
chemotherapy were different from those among colorectal cancer 
patients who underwent surgery only. In brief, quitting smoking after 
colorectal cancer diagnosis was significantly associated with increased 
mortality only among colorectal cancer patients who underwent 
surgery with radiotherapy or chemotherapy (1.38 [1.14 to 1.66]) 
(Table 13).
32 
Table 3. Characteristics of colorectal cancer patients by study inclusion in men 




Age at colorectal cancer diagnosis   <0.001 
Mean±SD 62.0 (10.3) 63.7 (11.7)  
Treatment      <0.001 
Operation only 25,117 (67.7) 55,845 (50.5)  
Operation with radiotherapy  
or chemotherapy 
10,606 (28.6) 39,855 (36.0)  
Radiotherapy  
or chemotherapy 
1,356 (3.7) 14,876 (13.5)  
Follow-up period, years     <0.001 
Mean±SD 6.6 (2.8) 4.6 (3.9)  
Deaths, n(%) 3,981 (10.7) 43,349 (39.2) <0.001 
Colorectal cancer deaths, n(%) 2,137 (5.8) 31,370 (28.4) <0.001 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7. Univariate regression analyses on basic characteristics and risk of death 





HR 95% CI 
Age at diagnosis, years     
<50 26,140.74 245 Ref.  
50-59 51,989.92 595 1.19 1.03-1.39 
60-69 66,756.28 1,182 1.96 1.71-2.26 
≥70 46,136.63 1,654 4.38 3.82-5.02 
Subsite     
Colon 120,343.64 2,335 Ref.  
Rectum 70,679.93 1,341 0.96 0.93-1.06 
Treatment     
Operation  134,459.57 1,542 Ref.  
Operation with radiotherapy or 
chemotherapy 
50,300.93 1,792 3.00 2.81-3.20 
Radiotherapy or chemotherapy 6,263.08 342 4.28 3.80-4.81 
BMI before diagnosis     
<18.5 3,900.74 141 1.75 1.49-2.07 
18.5-24.9 117,422.05 2,407 Ref.  
25.0-29.9 64,949.02 1,044 0.77 0.72-0.83 
≥30 4,751.76 84 0.97 0.79-1.19 
Frequency of physical activity before diagnosis   
0 88,430.40 1,974 Ref.  
1-2 49,520.59 790 0.68 0.62-0.73 
≥3 53,072.59 912 0.75 0.70-0.81 
Frequency of alcohol intake before diagnosis   
<1 89,941.44 1,891 Ref.  
1-2 53,607.06 794 0.74 0.68-0.80 
3-4 26,977.03 504 0.91 0.83-1.00 









HR 95% CI 
Charlson comorbidity index   
0 9,008.84 26 Ref.  
1 20,515.52 73 1.05 0.69-1.60 
2 23,826.73 107 1.46 0.98-2.16 
≥3 137,672.48 3,470 7.42 5.18-10.63 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Subjects who had health examinations within 1 year before their 
colorectal cancer diagnosis were included from the sensitivity 
analysis. The characteristics of the subjects under sensitivity 
analysis were similar to those under the primary analysis (Table 14, 
Table 15, and Table 16).  
Therefore, the results were analogous to the primary analysis 
results. Prediagnosis and postdiagnosis smoking was associated with 
elevated mortality. Significantly elevated mortality was observed 
among patients who quit smoking after their colorectal cancer 
diagnosis and in those who had continually smoked before and after 
diagnosis (Table 17). Similar to the primary result, there was no 
significant association between prediagnosis and postdiagnosis 
smoking status and colorectal cancer-specific mortality, although 
elevated colorectal cancer-specific mortality was observed among 
patients who quit smoking (Table 18). 
 Smoking cessation after colorectal cancer diagnosis was 
significantly associated with elevated mortality among colon and 
rectal cancer patients (Table 19). In a stratified analysis on cancer 
50 
treatments, smoking before and after diagnosis was related to 
increased mortality among patients who underwent surgical 
treatment only (Table 20). 
 
When we extracted information on the postdiagnosis smoking status 
from one to three years after diagnosis, similar results were 
observed. The prediagnosis and postdiagnosis smoking status were 
related to an increased risk of death. The smoker/nonsmoker and 
smoker/smoker groups showed significantly elevated mortality 
(Table 21). Associations between the smoking status and risk of 
colorectal cancer deaths were similar to the results of the primary 
analysis (Table 22). Most of the results were analogous to the 
primary analysis as stratified by subsite and treatment (Table 23, 
Table 24). 
 
The short-term tobacco cessation rates were approximately 70% 
immediately after cancer diagnosis, although 60% of them relapsed 
after surgery (39). Thus, we performed sensitivity analyses on 
long-term surviving patients who survived for more than five years. 
A positive association between the prediagnosis and postdiagnosis 
51 
smoking status and all-cause mortality were consistent with the 
primary results (Table 25, Table 29). The relation between 
prediagnosis and postdiagnosis smoking status and colorectal 
cancer-specific mortality were consistent with the primary results, 
although the results were not significant among the 
smoker/nonsmoker group (Table 26, Table 30). 
 
In the analyses stratified by subsite, the positive relations were 
consistent with the primary results, while the results were not 
significant among rectal cancer patients (Table 27, Table 31). When 
we performed the stratified analyses by treatment, most of the 
results were similar to the primary results, although the point 
estimates were increased among postdiagnosis smokers who 
underwent radiotherapy or chemotherapy, regardless of their 
smoking status before diagnosis (Table 28).  In the sensitivity 
analysis that extracted the postdiagnosis smoking status between 
three and five years from diagnosis, the results were consistent with 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In this study, the patients who quit smoking after their colorectal 
cancer diagnosis were younger, overweight or obese, frequently 
engaged in physical activity, and less likely to consume alcohol 
compared to continual smoker. A study reported that in postdiagnosis 
former smokers, patients who quit smoking after their cancer 
diagnosis, were likely to be older, have higher BMI, have high 
physical activity, and be former drinkers (33). Patients who quit 
cigarette smoking tended to be treated with operations along with 
chemotherapy or radiotherapy, radiotherapy or chemotherapy, and 
have higher CCI compared to continual smokers, although they had 
lower CCI compared to the nonsmoker/nonsmoker or 
nonsmoker/smoker groups. We adjusted the CCI and performed 
stratified analyses by treatment to minimize the confounding effect.  
A previous study showed that approximately 18% of cancer patients 
were current smokers, and 10% of those were recent quitters, while 
35% of those were former smokers (32). Another study reported 
that 36% of smoker before diagnosis quitted smoking after diagnosis 
(45). In our study, approximately 11% of patients were smokers 
77 
before the colorectal cancer diagnosis and continued smoking 
afterwards, and approximately 19% of patients quit smoking after 
their colorectal cancer diagnosis.  
 
In this study, the prediagnosis smoking status was associated with 
increased mortality among colorectal cancer patients. A cohort study 
in the CHANCES consortium showed significantly increased mortality 
among those patients who were former smokers and current 
smokers before their colorectal cancer diagnosis (25). A meta-
analysis showed an increased all-cause mortality among current 
smokers from 5 to 51% compared to never smokers (29). Our results 
were similar to previous results showing that smoking status before 
colorectal cancer diagnosis was associated with elevated all-cause 
mortality (30, 34, 36).  
 
Smoking status after colorectal cancer diagnosis was associated 
with elevated mortality. Our results were analogous with previous 
studies that reported the postdiagnosis smoking status was 
associated with a higher risk of mortality (31, 35). 
 
78 
Additionally, all-cause mortality among colorectal cancer patients 
who quit smoking after diagnosis was not significantly different from 
that in colorectal cancer patients who had continually smoked from 
the time point before the colorectal cancer diagnosis. Our results are 
inconsistent with a previous population-based cohort in the US that 
reported increased all-cause mortality among current smokers at the 
time of breast cancer diagnosis, and the continual smokers after 
diagnosis showed elevated all-cause mortality, although there was 
an attenuated risk of mortality among quitters after diagnosis (42). 
One possible explanation is that lifetime cumulative exposure to 
smoking plays a key role in mortality. Because our patients’ 
diagnosis age was greater than 60 years old, cumulative exposure to 
smoking before diagnosis was likely to be from lifetime exposure and 
greater than that after diagnosis. Thus, the modification of the 
smoking status after colorectal cancer diagnosis may not 
substantially influence mortality among smokers at cancer diagnosis. 
Additionally, these results could have occured because some patients 
who quit smoking after diagnosis did so as a result of their poor health 
conditions (46).  
 
79 
In our results, there were no association between prediagnosis or 
postdiagnosis smoking status and colorectal cancer-specific 
mortality. Changes in smoking status after cancer diagnosis were not 
significantly associated with colorectal cancer-specific mortality. 
The association between smoking status and colorectal cancer-
specific mortality may be attenuated since smokers tend to have 
comorbidities; however, we adjusted for the Charlson comorbidity 
index. A previous study indicated that patients who smoked before 
their cancer diagnosis were significantly associated with elevated 
colorectal cancer-specific mortality (30). However, one study 
showed that there was no association between prediagnosis smoking 
and colorectal cancer-specific mortality (32), and another study 
reported that increased colorectal cancer mortality was observed 
among current smokers before diagnosis, although not significantly 
(41). Postdiagnosis current smoking was associated with increased 
colorectal cancer-specific mortality compared to never smoking 
(31). 
 
Former or current smokers with a gastrointestinal malignancy at the 
time of surgery tended to have poor postoperative outcomes, 
80 
including surgical infection, combined pulmonary complications, and 
secondary surgery (47-49). Smoking cessation after diagnosis was 
related to a lower risk of mortality than continual smoking among 
putative early-stage cancer patients who underwent surgery only. 
Previous studies regarding the association between postoperative 
outcomes and smoking have reported a significantly elevated risk of 
postoperative mortality among current smokers (23, 49, 50). 
Continued smoking after diagnosis may lead to surgery complications, 
toxicity, immune suppression, and recurrence (49, 51, 52). Our 
finding that those who quit smoking after their colorectal cancer 
diagnosis showed a lower risk of mortality than continual smokers 
was analogous to these studies. 
Although the claim data did not contain the colorectal cancer stage, 
patients who were treated with surgery only were likely to have 
early-stage disease (53, 54). Thus, the baseline hazard for mortality 
would be higher among colorectal cancer patients who underwent 
surgery with radiotherapy or chemotherapy and among those who 
were treated with radiotherapy or chemotherapy than among those 
who received surgery only. Hence, the impact of smoking cessation 
after diagnosis on the decrease in mortality would not be revealed 
81 
among colorectal cancer patients who underwent surgery with 
radiotherapy or chemotherapy due to the high baseline hazard. 
Furthermore, smoking before colorectal cancer diagnosis had a 
greater impact on the increase in mortality than smoking after 
diagnosis in this study. Because smoking has been reported to affect 
the early stage of carcinogenesis (55-57), a greater impact of 
prediagnosis smoking than from postdiagnosis smoking on mortality 
seems to be biologically plausible. Moreover, there have been studies 
reporting that the treatment effect was not good in patients who were 
smokers before their cancer diagnosis. Thus, a decreased treatment 
effect due to smoking before diagnosis would worsen the prognosis 
of colorectal cancer patients. 
 
In sensitivity analyses, subjects who quit tobacco smoking after 
diagnosis were likely to have better prognosis compared to continual 
smoking among patients who survived more than 5 years. It is 
possible that patients in poor health conditions may have died within 
5 years from their diagnosis. Thus, actual changes in smoking 
behavior may influence the patients who survive more than 5 years.  
 
82 
Our study has several limitations. Since we used claim data, it was 
not possible to precisely identify all of the factors in the colorectal 
cancer patients. Thus, we used operational definitions with treatment 
codes and hospitalization notes on the colorectal cancer treatments 
(Table 1). These assumptions could diminish an overestimation of 
the colorectal cancer incidence. The claim data do not contain 
information on the stage of colorectal cancer, which is crucial when 
predicting the prognosis. Accordingly, we conducted stratified 
analyses by treatment (operation only, operation with radiotherapy 
or chemotherapy, and radiotherapy or chemotherapy) to reflect the 
cancer stage of colorectal cancer patients by regarding the cancer 
treatment as a proxy for the cancer stage. In our study, the survival 
analysis according to treatment reasonably predicted the prognosis 
(Figure 1). The accuracy of information on smoking may have been 
diminished because the questionnaire was self-reported. Previous 
studies indicated that smoking rates were underreported by patients 
compared to those based on cotinine levels in saliva or serum (39, 
58). 
Despite the limitations above, this study has meaning in that the 
prediagnosis and postdiagnosis smoking status were considered 
83 
simultaneously during the analysis to assess the association between 
smoking and mortality. Previous studies evaluated mortality among 
colorectal cancer patients in relation to changes in smoking status. 
However, detailed information on changes in smoking status before 
and after diagnosis has rarely been considered in previous studies.  
Using data covering the overall colorectal cancer patients identified 
in Korea is one strength of this study. We used the operational 
definition for colorectal cancer, and thus, this work is unlikely to 
include individuals who were not colorectal cancer patients.  
84 
Conclusion 
In conclusion, we suggest that the prediagnosis smoking status has 
a greater impact on all-cause mortality among colorectal cancer 
patients. The postdiagnosis smoking status is also associated with 
elevated mortality among colorectal cancer patients. Additionally, 
smoking cessation may help to improve survival after diagnosis 
among colorectal cancer patients who were treated by operation only. 
Since patients who undergo surgery only are more likely to survive 
long-term, smoking cessation is crucial in these patients. 
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흡연은 잘 알려진 대장암의 위험요인이며, 진단 전 흡연이 암 진단 후 
예후에 부정적 영향을 끼친다고 알려져 있다. 하지만 대장암환자에서 
진단 전과 후의 흡연이 사망률에 미치는 효과는 잘 알려져 있지 않다. 
따라서, 본 연구의 목적은 대장암 환자에서 진단 전과 후의 흡연 상태와 
사망률 간의 연관성을 평가하고자 함이다. 
본 연구에서는 국민건강보험공단 데이터베이스에 등록된 자료를 
이용하여 후향적 코호트 연구를 진행하였다. 2002년부터 2016년 
사이에 새롭게 대장암으로 진단 받은 대상자에서 여성, 진단 시점 기준 
최소 2년 이내 및 1년 이후의 검진 자료가 없는 대상자를 제외하였다. 
연구 대상자는 대장암 진단일부터 사망 또는 2017년 7월 13일까지 
추적 관찰하였다. 진단 전 흡연 상태는 대장암 진단일 기준 2년 이내의 
검진 자료를 사용하였다. 진단 후 흡연 상태는 진단일 기준 1년 이후의 
검진 자료를 사용하였다. 진단 전과 후의 흡연 상태는 비흡연자 또는 
흡연자로 분류하였다. 또한 진단 전과 후의 흡연 상태 변화는 4개의 
그룹으로 범주화 하였다 (비흡연자/비흡연자, 비흡연자/흡연자, 
흡연자/비흡연자, 흡연자/흡연자). 위험 비와 95% 신뢰구간은 Cox 비례 
위험 모형을 이용하여 추정하였다. 또한 세부 부위(대장, 직장)와 
치료군에 따라 층화분석을 진행하였다.  
총 37,079명의 대상자에서 3,980명이 사망하였으며, 추적 기간 
중앙값은 6.3년이었다. 진단 후의 흡연 상태와 관계 없이 진단 전 
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흡연자에서 유의하게 증가된 사망률이 관찰되었다 (흡연자/비흡연자 
[HR, 1.25; 95% CI, 1.15 to 1.36], 흡연자/흡연자 [HR, 1.20; 95% CI, 
1.08 to 1.33]). 수술적 요법으로만 치료를 받은 환자에서 진단 후 
금연한 대상자는 지속적으로 흡연을 한 대상자에 비하여 낮은 사망률을 
보였다 (흡연자/비흡연자 [HR, 0.78; 95% CI, 0.66 to 0.94]).  
대장암 진단 전 흡연 상태는 증가된 사망률과 연관성이 있었다. 진단 
후 흡연 상태 역시 사망률 증가와 연관성이 있었다. 특히 조기 대장암 
환자라고 생각되는 수술적 치료만 받은 대장암 환자에서 진단 전 
흡연자가 진단 후 금연을 할 경우 생존을 향상시킬 수 있을 것으로 
사려된다.  
 
